Abstract 8, T118-126 (1974-8) Tamamushi iridescent fabrics were illuminated by means of a hemispheric diffuse illuminator devised by us, and their color luminance distributions were measured by means of a telescope. From the results obtained the optical properties of Tamamushi fabrics were discussed to find : 1) When Tamamushi fabrics are illuminated by means of the hemispheric diffuse illuminator (light source), their iridescent effect decreases.
Introduction
Optical properties of Tamamushi fabrics were already measured with a goniophotometer and discussed in the previous paper'.
When Tamamushi fabrics woven with differently colored yarns in warp and filling are measured by a goniophotometer in different directions, there are seen anisotropies in the goniophotometric curves. So, we used a hemispheric illuminator devised by us and having high diffusibility to evade such anisotropies and recorded the luminance distribution curves telescopically at different receiving angles (0°, 45° and 60°). Furthermore, color measurements are made with a combination of the hemispheric diffuse illuminator and the parallel luminous flux (collimater).
In this paper, the results thus obtained are discussed referring to the optical properties of Tamamushi fabrics studied by the goniophotometer.
Method of Experiment

2-1. Experiment equipment
The hemispheric diffuse illuminator used is illustrated in Fig. 1 .106 small bulbs (rated at 6.3 V, 25 mA) are arranged at regular intervals, on the external surface of a hemi- In such a hemispheric construction the illumination inside the hemisphere (350 mm in diameter) can be uniform and yet variable by changing the circuit of the bulb-lighting system.
In addition to the bulbs there is provided a collimater (light source : a tunsten filament lamp of 6 V, 5 A) to obtain a parallel luminous flux at each incidence angle of 45° and 60 The light quantity is adjustable by means of a diaphram.
The luminance distribution curves are recorded by a telescope (aperture : 25 mm) over the range of 0° to around 70° in warp and filling directions. A plane sample set on a sample holder is 50 mm >< 100 mm.
Also the sample is illuminated by the hemispheric diffuse illuminator and measured of its color by the telescope with each interference filter to obtain telescopic curves.
2-2. Sample
The samples used are described in Table 1. 2-3. Experimental method 1) Luminance measurement A sample set on the holder is illuminated by the hemispheric diffuse illuminator and measured of its luminance over the range of 0° to around 70° in warp and filling directions by a telescope.
The hemispheric diffuse illuminator has a high diffusibility, and the illumination on the sample is 1000 lux.
2) Color measurements A sample set on the holder is illuminated by the hemispheric diffuse illuminator and measured of its color by a telescope with each interference filter at different receiving angles (0°, 45° and 60°).
Here is employed a method of color measurement in accordance with the CIE system-tristimulus values, X, Y and Z. Light source A is used as the illuminator light source. Thirteen interference filters are arranged at regular intervals in the range of 400 to 700 nm.
The ratio of the reflected light quantity from the standand white surface to that from the sample is measured at given receiving angles.
The tristimulus values, X, Y and Z, and the co-ordinates, x and y on the chromatic diagram, are calculated as specified in JIS Z 8722 regarding the Method I for Light Source A.
Since chromatic values of Tamamushi fabrics differ in the direction of measurement, color measurements are made at receiving angles of 0°, 45° and 60° in warp and filling directions.
Color measurements are made by a combination of the hemispheric diffuse illuminator and the collimater (parallel luminous flux).
The spectrum transmission factor of the acrylic resin of the hemisphere is almost constant in the range of visible spectrums. spheric surface, as illustrated in Fig, 3 , is given by
The luminous intensity dIn of the area ds in the normal direction is given by The illumination is uniform on the entire sample surface and a fine diffusing light is obtained.
Since the illumination above is a perpendicular component to the horizontal plane, the total normal illumination En is, eliminating the cos B in eq. (3; expressed in the
Hence, the total normal illumination is twice as much as the horizontal illumination and the normal illumination of 2;rL is given in every direction. But let us suppose a normal illumination in a specified direction. As illustrated in Fig, 4 , if a circle (radius : ai) is drawn around the point Q (ai «r;, the normal illumination to the sample surface from path A is cos 1=r 1 r 2 ~ a2 from the Lambert's cosine law.
Putting AB-r,
which is integrated about the circle al, leading
Ean=L 2' d9 fai r• a 2 •da ..., r +a J 1/2 -1 ) r Since r >> ai,
( 1 + a12 1/2 ; 1 + 1 a12 r2) r2 2 which is substituted into eq, (6) taking the form
This shows the volume of parallel luminous flux from the light source having a radius ai and taking the point Q as a center. The point Q can be taken on the hemisphere and a parallel luminous flux of arL(ai2/r 2) is provided in every direction, and the anisotropies of the sample due to the illumination are not caused. Obviously it is free from the difference in the measured values obtained at different receiving angles. The directions and angles are unavoidable problems encounted in the illumination by the parallel luminous flux (goniophotometer). Since, by this illuminator, the sample is measured of its luminance and color under the same conditions in warp and filling directions, then the luminous flux refraction penetrating into the fabric is diffused in the fabric structure by the dispersing and coloring agents, and then cast outward in every direction with the same illumination against the normal line of the sample surface.
Assuming that the radiation per unit area in the normal line is 1, the radiation f (O) in the 1 direction is
The luminous intensity in the 8 direction is
where Ino is a radiation intensity per unit area in the normal direction. If the Lambert's cosine law is established concerning
If a cylindrical fiber is assumed, a goniophotometric reflection curve parallel to its axis is similar to this equation. Therefore, in the direction perpendicular to the axis as illustrated in Fig. 5 , it is sufficient to consider the radiation from the lateral. Now, if an infinitely small area ds per unit width is assumed on the lateral as illustrated in Fig 
The reflection distribution curves are not variable, different from illumination by the parallel luminous flux in the specific direction. This decreases both the difference in the reflection distribution curves observed at the different angles, and the iridescent effect of Tamamushi fabrics.
This is mainly because of the change of the color mixture due to the change of the ratio of area in warps and fillings.
As is clear from it, the iridescent effect of Tamamushi fabrics is not produced only by color mixture of two colored yarns in warps and fillings. It is governed by the change of colors due to the change of the angle and gloss by specular reflection.
As illustrated in Fig. 6 The method of object-color measurement is specified in JIS Z 8722. There are two illumination methods to measure the color of the object ; parallel luminous flux and the diffuse illumination. The diffuse illumination is recomended for the objects which have ruggednesses on their surfaces or which have woven or textured structures, because it gives better reproduction of the object color free from the change of illumination direction (warp or filling direction).
When measuring the color of Tamamushi fabrics woven with differently colored yarns in warps and fillings, it is necessary to use a diffuse illuminator (now the hemispheric diffuse illuminator) in addition to the goniophotometer as described in the previous paper'.
Color measurement of three samples of acetate sateen (blue, green and red) was made by the hemispheric diffuse Vol. 21 No. 2 (1975) illuminator and a SUGA KIKAI type X-SS Colorimeter (0-d) for the purpose of comparison. The results thus obtained are shown in Fig. 7 .
The points on the chromatic diagram move with the kind of the light source, A or C. So we will study the relation between light sources. As illustrated in Fig. 8 , let the chromatic point by the light source A be SA (XA, YA) while the one by the light source C be Sc(xc, yc). Also let the color point by the light source A be A(xi, yi) and the one by the light source C be C(x2, y2).
The dominant wavelength of color measurement being equal regardless of the light sources used, the extension of the segments SAA, and SC intersects at the point D of the dominant wavelength of the sample on the spectrum locus. Also, the excitation purity being equal, then SAA/SAD=SCC/SCD Hence, the chromaticity by both light sources are shown by a straight line which passes two points SA(xA, yA) and Sc (xc, yc) as follows : The intersections of y=0.667x+b with SAD and SD are the measured color .poiats.by the light sources A and C.
The dominant wavelengths and excitation purities by the hemispheric diffuse illuminator (light source A) and a commercially available colorimeter (light source C) are obtained from Fig. 7 as shown in Table 2 .
We make color measurement of the acetate sateen (red) by both the hemispheric diffuse illuminator and the gonio- As illustrated in Fig. 9 , the chromatic values appear on the straight line which connects the chromaticity coordinates of the light source C with dominant wavelength 650 nm. Under the diffusing condition of 0-45 and 45-0, the chromaticity coordinates assembly at a point, and the chromaticity seems to be an object color. However, under the conditions of 45-45 and 60-60, the specular reflection intensifies its influence and approaches the light-source color.
The color values measured by the Hemispheric diffuse illuminator are almost the same between D-0 and D-45, but with D-60 the specular reflection light exerts influence on them and give somewhat similar values to those of the light source color.
As is clear from the above, the same results are obtained with 0-45 and 45-0 for the parallel luminous flux and with D-0 and D-45 for the diffusing light.
When Tamamushi fabrics were measured of their color in every direction by the hemispheric diffuse illuminator with each interference filter, measured values were almost the same as those by a commercially available colorimeter.
Experimental
Results and Discussions Since the warp is deemed to be convex parts of the fabric, the luminance distribution curve of the warp is not variable with the measuring direction (warp or filling direction). But as a matter of fact, there was some difference in the luminance distribution curves between the warp and the filling. It is clear that the light quantity reflected from the filling is decreased in the filling direction with the increase of the incidence angle.
This tendency is recognized with sample No. 2, but is smaller than that of sample No. 1. It is because the influence of the shadows due to the ruggedness of the fabric is less than sample No. 1.
With sample No. 3, luminance distribution curves have been recorded in warp and filling directions and there was seen no difference between the warp and the filling. This is because the components of the warp and the filling could not be separated on account of their spectral reflection properties even by use of interference filters and also because the influence of shadows is low.
The optical properties of Tamamushi fabrics having complex factors can thus be mechanically clarified when the influence due to other factors is decreased by changing the condition of the illumination light source. 5-2. Results of color measurement 1) Measurement by the hemispheric diffuse illuminator Color measurement in warp, filling and 45° directions was made at diffuse-0° (vertical), diffuse-45° and diffuse-60°. The results are shown in Table 3 and their chromatic diagrams in Figs. 13 to 15 .
One of goniophotometric color measurements is shown in Table 4 and Fig. 16 .
Though the chromaticity varies with change of the illumination and viewing conditions, it is known that chromaticity differs between the hemispheric diffuse illuminator and the parallel luminous flux. 2) Illumination by both the hemispheric diffuse illuminator and the parallel luminous flux Color measurement of sample No. 1 is made under any illuminating and viewing conditions by ratio of 1:1, that is, with diffuse light and parallel luminous flux at incidence angle 45°. The results are shown in Table 5 . The chromaticity in the warp direction is plotted in Fig. 17 , and that in the filling direction in Fig. 18 .
When the hemispheric diffuse illuminator is used together with a parallel luminous flux, the influence by the parallel luminous flux is negligibly small. There seems to be the tendency towards red color increase in general. However, the parallel luminous flux is larger in light quantity than the diffuse light.
Then color measurement was made at the receiving angle 45° holding the parallel luminous flux (incidence angle 45°) and decreasing the diffuse light. Namely, when the ratio of RSp : Rd f is 10:10, 10:5, 10:1, and 10:0, the color measurements of warp and filling directions were compared with the results in Table 6 and Fig. 19 .
When the parallel luminous flux is fixed and the diffuse light is decreased, the chromaticity coordinates reach those of the object color, and the color difference is increased. In other words, the reflection by means of the hemispheric diffuse illuminator has much specular reflection. It is because the specular reflection is produced in every direction when the uneven fabric surface is illuminated. But the specular reflection cannot generally be observed because it is widely diffused on the uneven surface.
Conclusions
To clarify complex mechanism of the Tamamushi effect, measurement was made of the color and luminance distributions of Tamamushi fabrics illuminated by the hemispheric diffuse illuminator.
The results are summarized as follows : 1) When the Tamamushi fabric is illuminated by means of the hemispheric diffuse illuminator, the iridescent effect of the fabric decreases. 2) When the Tamamushi fabric is illuminated by means of the hemispheric diffuse illuminator, the measured color values of the fabric show the color mixture of the warp and the filling yarns.
3) The luminance distribution curves of Tamamushi fabrics are varied at the large incidence angle because of the effect of the shadows due to the unevenness of the fabric. 4) When measurement is made of the Tamamushi fabric illuminated by the hemispheric diffuse illuminator, there is less difference in the chromaticity than by the parallel luminous flux. 5) If the hemispheric light source is larger in light quantity than the parallel luminous flux, the influence of the parallel luminous flux does not appear in the color measurement. Namely, the illumination by means of parallel luminous flux is necessary to produce the iridescent effect of Tamamushi fabrics. 
